This PDF file includes: . Ex situ PXRD patterns of microsized NbS 2 and Cu mixed powder (atomic ratio 1:1.5) after stirring time in hexane. Fig. S22 . In situ PXRD patterns of microsized Cu x NbS 2 (atomic ratio Cu:NbS 2 = 1.5:1) from 66 to 118 hours. Fig. S23 . The intensity of (002) peak ratio between NbS 2 and Cu x NbS 2 in figs. S21 and S22. Fig. S24 . Time-resolved in situ PXRD measurement of nanosized NbS 2 coating on the Cu sheet. Fig. S25 . High-resolution high-angle annular dark field (HAADF)-STEM images of Cu 1.2 NbS 2 along the [001] direction. Fig. S26 . Theoretical computing of the charge density of NbS 2 and CuNbS 2 . Fig. S27 . Cross-sectional morphology and vertical electrical conductivity of 2H-NbS 2 and Cu x NbS 2 . Table S1 . Gibbs free energy change of Cu intercalation with different Cu intercalation states. Table S2 . Elemental ratios in Cu x NbS 2 analyzed by electron probe microanalysis. Table S3 . The structural parameters of Cu 1.2 NbS 2 . The structures of NbS 2 and Cu x NbS 2 were investigated by DFT calculations. The pristine 2H-NbS 2 is a well-defined ordered compound crystallizing in the space group P6 3 /mmc, implying that Nb atoms occupy the (6h) Wyckoff positions and S atoms occupy the (12k) positions. For the Cu atoms, this symmetry group allows two possible positions: 2a and 12k. DFT calculations show that the Cu x NbS 2 with '2H-MoS 2 structure' with an occupation of the (12k) Wyckoff positions by Cu atoms has the lowest energy, indicating that this structure is the most stable structure. Based on this result, we considered that NbS 2 has a phase transition after Cu atoms intercalation. We also investigated the most stable structures of NbSe 2 , VS 2 , TiS 2 and TaS 2 before and after Cu atoms intercalation by using the same method. However, as the ratio increases to 1 : 1, part of Cu atoms are peeled off from the surface of 2H-NbS 2 , resulting in a decrease of the ratio to 0.6 : 1 after the structure is stabilized. This theoretical value is close to the previous reported one in the case of high temperature synthesis. Overall the theoretical calculations predict that the Cu x NbS 2 with a high Cu concentration cannot be synthesized at high temperature, however Cu x NbS 2 with x > 1 can be formed at room temperature. Excess copper powders were added into 2H-NbS 2 , 3R-NbS 2 , 2H-NbSe 2 , 1T-TiS 2 , 1T-TaS 2 , 1T-VS 2 , 2H-WS 2 and 2H-MoS 2 . When Cu is mixed with TMDs, the first peak (002) shifts to lower angle for 2H-NbS 2 , 3R-NbS 2 , 2H-NbSe 2 , 1T-TiS 2 , 1T-TaS 2 , and 1T-VS 2 , which means interlayer space increases resulting from the intercalation of Cu. There is no shift of the first peaks (002) for 2H-WS 2 and 2H-MoS 2 , indicating that Cu cannot insert into interlayers of 2H-WS 2 and 2H-MoS 2 . However, we clearly observed the intensity of Cu peaks were decreased while the peaks became broad. It illustrates that the micrometer Cu were changed to nano-/atomic size. However, the intensity of Cu peaks was decreased and the peaks become broad peaks, indicating the Cu size is transformed from micrometer nano-/atomic scale. 
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Fig. S17. PXRD patterns of Cu x NbS 2 by adding different Cu contents and after stirring for the same 5 days. With the increasing of added Cu content, the first peak (002) for NbS 2 gradually shifts to lower angle. When the molar ratio of Cu : NbS 2 reaches to 1.2 : 1, the intercalation of Cu atoms becomes saturated. The intensity of this peak increases as the stirring time increases. Meanwhile, the intensity of peaks for NbS 2 and Cu decreases with the increasing of time. It clearly demonstrates that the intensity of (002) peak for NbS 2 continuously decreases as time elapses. Meanwhile, the intensity of (002) peak for Cu x NbS 2 increases. It illustrated that the Cu species spontaneously selfintercalate into the NbS 2 . The in-situ XRD was measured after the mixed powders were stirred for 66 h as shown in fig. S21 . Fig. S23 . The intensity of (002) peak ratio between NbS 2 and Cu x NbS 2 in figs. S21 and S22. There are two stages during the intercalation process. For the first stage (from initial to 65 h), the peak ratio increases slowly with time due largely to the need of overcoming the energy barrier for atomizing Cu. When Cu atoms were transferred to the surface of NbS 2 , the peak ratio increase sharply during the second stage (after 65 h). This sharp increase of peak ratio indicates a fast and spontaneous process of Cu intercalation into the NbS 2 . Pristine phase 
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